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GROWTH AND VARIABILITY IN HELIANTHUS' 

H. S. REED 

The growth and final size of organisms are known to exhibit greater 
or less deviations from the mean for any group or population. 

Growth may be considered as a function of two variables. The first 
is the genetic constitution of the individual, and the second is the resultant 
of all those factors which make up what is commonly called the environ- 
ment of the organsm. The factors of the first group are essentially internal, 
those of the second group, essentially external. 

The variability in the growth rate and in the final size of the organism 
is a question of keen interest. Much attention has been paid in the past 
to the extent and nature of the variability in mature organisms, but few 
studies have been made upon the question of variability during the grand 
period of growth. 

A brief consideration of the problem convinces one that it is not suffi- 
cient to plant seeds of known weight and to measure the mature individuals 
at the end of the growing season. Many questions must necessarily be 
unanswered by the result of such determinations. For example, one imme- 
diately wishes to know whether the smaller individuals in the population 
have been smaller from the beginning, or whether they were normal in size 
for a time and came to maturity early; while others of the same, or of similar 
size, continued to grow later and finally attained more than average size. 

While we recognize variability in the size of plants, we also need to 
know whether a plant or a group of plants exhibits a deviation from the 
theoretical mean of the population greater or less than that to be expected 
upon the basis of pure chance; in other words, are the variations purely 
chance variations, such as might be due to the effect of purely casual factors 
of environment, or are they so characteristic as to indicate that they are 
due to something else? 

The studies embodied in the present paper are based on measurements 
of a group of sunflowers (Helianthus annuus L.) grown for the purpose on 
the grounds of the Citrus Experiment Station, Riverside, California. 
They were grown on a small piece of tolerably uniform soil to which water, 
sufficient to maintain satisfactory soil moisture conditions, was applied 
every seven days. The plants grew from the middle of May to the middle 
of August, during a time when heat and light were ample for plant growth. 
As soon as the plants had reached an average height of more than ten centi- 

1 Paper 57, University of California, Graduate School of Tropical Agriculture and 
Citrus Experiment Station, Riverside, California. 
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meters, sixty of the normal-appearing plants were selected at random 
throughout the small plot and marked with suitable labels. (Two plants 
were subsequently discarded on account of accident.) Each plant was 
marked with India ink at a distance of ten centimeters below the growing 
tip. This mark served as a point from which further measurements were 
made. Adjacent plants were removed from the vicinity of those selected 
so that a space of at least 20 centimeters intervened between any plant and 
its nearest neighbor. In short, environmental conditions were made as 
nearly uniform for the individuals in this small group as it was feasible to 
make them under field conditions. In the latter part of July the terminal 
buds began to develop into blossoms, and coincidentally the plants ceased 
to elongate. 

The population contained both branched and unbranched individuals. 
The branched form usually produces a head on the apex of each branch, 
whereas the unbranched form produces only one head and that develops 
from the apical bud of the stem. The branching habit is regarded by Shull 
(i908) as a Mendelian character. One important difference should be 
noted between the plants described by Shull and those here considered, 
viz.: Shull's plants branched from the lower nodes of the stalk, while these 
branched only from the upper nodes. 

Church (I9I5) regards the branched form as a mutant of the unbranched 
and believes that it is the oldest mutation on record. 

This mixture of branched and unbranched stems is not thought to 
affect the validity of the measurements upon which the present study is 
based, since only 17 out of the 58 plants were branched and the average 
heights of the two classes at maturity were close enough together to be 
within the range of the probable error. The average growing period of the 
branched plants was 4.6 days longer than that of the unbranched plants. 
The number of heads produced by the branched plants ranged from 3 to I3. 

RATE AND AMOUNT OF GROWTH 

The measurements made on the 58 plants are given in table I, which 
shows the heights of the individual plants at seven-day intervals, dating 
from the time when each plant was marked IO centimeters below the growing 
tip and continuing until no further elongation occurred. On the 84th day, 
when the last measurement was taken, the plants averaged 254.5 centi- 
meters high to the upper side of the head, with a range from I64 centimeters 
to 339 centimeters. 

The measurements of all plants have been assembled for study en bloc 
(table I). The mean height of the plants at seven-day intervals is shown 
by figures in table 2, together with the standard deviations and coefficients 
of variability. The mean height of plants at seven-day intervals is shown 
graphically in figure I. 

The data show that the plants grew slowly at first, reached the maximum 
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growth rate between the 35th and the 42d days, i. e., about the middle of 
the grand period of growth; the rate then declined as the end of the grand 
period of growth was approached. 

A great decline in the growth rate of the plants began to appear as the 
flower bud on the apex of the stalk began to be differentiated. As the 
"head" developed, the growth of the stalk became slower, showing agree- 
ment with the condition which Pearl and Surface (I9I5) found when the 
tassel is formed on maize. After the flowers af the composite "head" had 
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FIG. I. Curves showing progressive changes in mean height, standard deviation and 
coefficient of variability of sunflower plants during the grand period of growth. 
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been pollinated, there was no further elongation of the stalk. It is probable 
that from this time on the growth forces of the plant are devoted to seed 
formation instead of to elongation of the stalk. Thus, variability in the 
time of blossoming may, and undoubtedly does, influence the grand period 
of growth and the total growth of this plant. When the flowers of the head 
have been pollinated, the head, which previously stood erect, becomes 
pendant. The floral surface, which is uppermost during the prepollination 
process, is lowermost during the post-pollination period. 
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VARIATION IN THE GROWTH AND FINAL SIZE OF PLANTS 

The growth rate of this group of plants has been studied and found to 
agree closely with that of an autocatalytic reaction in which one of the 
products catalyzes the reaction (Reed and Holland, I9I9). We may, 
therefore, turn from the question of the growth rate of the population as a 
whole, to consider some problems of growth and variability relating to 
smaller groups within the large group. We should attempt to discover 
whether the large and the small members of the group differ from each 
other in their growth rates as well as in their final size; to be specific, whether 
the small plants grew slowly during the entire season, or whether they grew 
rapidly during their early history and came sooner to maturity. 

Closely related to this, is the question of relative position in the popu- 
lation during the whole period of growth. Do plants which are undersized 
at the start grow rapidly enough to get into higher groups as they become 
older, or do they remain undersized to maturity? 

Another question, and one which is also wrapped up in the questions 
previously propounded, is that of the nature of the variability of the groups. 
Are their variations those which are due to mere chance of environment, 
or are they due to some other cause, which may be referred to the genetic 
constitution of the plant? 

For purpose of study, it is convenient to classify the sunflower plants 
upon the basis of their size each week during the growing season. The 
quartile2 was used because it gave enough plants in each class to offset minor 
errors, such as are bound to occur in quantitative work. In order to make 
comparisons more valid, the number of plants in each quartile was fixed at 
the outset and adhered to throughout. The divisions were as follows: the 
first and third quartiles contained I5 plants each; the second and fourth 
I4 plants each. The first quartile contained the I5 shortest plants at each 
time of making measurements; the second quartile contained the I4 next 
taller; the third quartile contained the I5 next taller and the fourth quartile 
contained the 14 tallest plants. In some few cases, one or more plants fell 
on the quartile boundaries. It was then necessary to assign them to one or 
the other adjacent quartile. This was done in as impartial a manner as 
possible, in order that the assignments might have a purely random nature. 
The boundaries of the quartiles never varied widely from the limits obtained 
from the value xlo = o.675. 

2 In using the term "quartile " to designate a portion of the population, I am aware of 
some danger of confusion of terms. Strictly speaking, a quartile is a point so situated on 
the base of a frequency polygon that one fourth of the individuals lie on one side and three 
fourths on the other. Yet there seems to be some authority for using it to designate one 
fourth of the area of the frequency polygon (cf. use of term " quintile " by Pearl and Surface, 
I9I5). In this paper the term "quartile" will be used to designate one fourth of the 
population. 
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THE QUARTILE DEVIATIONS OF PLANTS STARTING IN THE SEVERAL 
QUARTILES 

The classification into quartiles having been made, it was of interest to 
study the behavior of plants starting in a given quartile. Tables 3 to 6 
show the quartile position, at each observation, of the plants which were 
in a given quartile on the I4th day. The measurements of the plants on the 
7th day were grouped so closely about the mean that the limits of the quar- 
tile range would have been far inside the errors of measurement. The 
average height for the population on the 7th day was I7.93 cm. with a 
standard deviation of only i.62 cm.; only IO plants fell outside of a range of 
i6 to I9 cm. 

A brief inspection of table 3 will make clear the method of ascertaining 
the quartile positions of the plants at successive intervals of time. It is 
there shown that there were I5 plants in quartile I on the I4th day. On 
the 2Ist day, i2 of these were still in quartile I, two were in quartile II, 
and one in quartile III. The mean quartile position of these plants on 
the I4th day was obviously I.OOO, on the 2Ist day it was I.226. As time 
went on, these I5 plants were gradually more widely distributed through 
the several quartiles, and at the close of the growing period the mean 
quartile position was 2.266 with the comparatively large standard deviation 
of I.I8. 

A more concrete idea of the distribution may be obtained by reference 
to the figures in the next to the last column of the table. There were IO 
distributions, each containing I5 observations, or a total of I50. From 
the figures in the "total" column, it is seen that 68 observations fell 
in quartile I, 3I in quartile II, 28 in quartile III, and 23 in quartile IV. 
The same values are expressed in percentaegs of the total number of obser- 
vations in the last column. 

The observations on the quartile positions made on the I4th day were 
excluded from the computations, since they were, by hypothesis, in a certain 
quartile on that day, and we could not assume that the laws of simple 
sampling would apply if they were included. 

If we note the total number of observations in the various quartiles, 
it will be seen that the plants which were small on the I4th day tended to 
remain small to the end, half of the total number of observations being 
located in the first quartile and the remainder being scattered through the 
other three quartiles. 

An inspection of table 4 shows the behavior of plants which were in the 
second quartile on the I4th day. Here again it will be seen that plants 
which started in this quartile tended to remain in it. Of the total obser- 
vations, 37 percent were in the second quartile. In comparison with the 
plants which started in the first quartile, there is a somewhat greater ten- 
dency toward dispersion. It might be argued, and with justice, that such a 
tendency might logically be expected, since the plant8 starting in the first 
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quartile would be dispersed only in one direction, viz., upward, while those 
which started in the second quartile might be dispersed either upward or 
downward on the scale. Be that as it may, however, the plants which 
started in the second quartile showed a greater tendency to deviate toward 
a higher quartile than toward the lower one, and those starting in the third 
quartile showed a greater tendency to deviate toward a lower than toward a 
higher quartile. 

Tables 5 and 6 show the quartile positions at successive observations 
of plants which started in the third and fourth quartiles respectively. It 
will economize time and space, however, to bring the observations on all 
the distributions together in one table and there to discuss the characteristics 
of the several quartiles. 

Table 7 presents a summary of the observations on the quartile distri- 
butions of all the plants starting in the various quartiles. It shows, for 
the plants which started in the various quartiles, the number and percentage 
of observations falling in the several quartiles at successive dates. The 
first line shows the number and percentage of the observations falling in 
the different quartiles for the plants which started in the first quartile, and 
so down the table. The table brings out still more plainly the tendency 
for a group of plants to remain in or near that quartile in which they started. 

By use of a method of comparison which has been given by Pearl and 
Surface (I9I5), it is possible to obtain a concrete, definite, quantitative 
expression of this tendency for plants to retain the quartile position with 
which they started. 

The measure of this tendency calls for the consideration of certain 
aspects of the theory of probability. If nothing but pure chance were 
operating to determine the quartile positions of these plants, it is evident 
that they would fall in one quartile as often as in another. The results. 
would, consequently, be comparable to those obtained by making an equal 
number of throws of four-sided dice. After the allocation of the plants to 
quartiles, they were measured ten times, consequently there were I5o 
observations on the quartile positions of plants starting in the first and third 
quartiles and I40 observations on those starting in the second and fourth 
quartiles. It will be necessary, first, to consider what the results would 
have been if nothing but pure chance were operating to determine the 
distribution of the plants. It is well known that the chances of success 
of an event where p = the chance of success and q = the chance of failure, 
are p q = I. In this case, the chance of success would be very close to 14 
and that of failure to . 

The theoretical standard deviation of the percentage of successes in 'n 
events would be a = p. q/n which will give the standard deviation from 
the theoretical mean percentage, provided we are dealing with a purely 
chance distribution, such as throwing four-sided dice. 

The standard deviation of the theoretical mean for quartile I is, there- 
fore, 
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.94 X 75.06 = 3533 
II 50 

and for quartile II is 
2456 X 7544 3.638, 

I40 

and similarly for the other quartiles as shown in the next to the last column 
in table 7. 

A range of i 3o- from the theoretical mean ought to include all, or 
nearly all, of the observations; therefore there should be few if any obser- 
vations above 35 percent or below I5 percent if the distributions were 
governed by pure chance. An examination of table 7 shows that, as a 
matter of fact, the percentages of observations falling within a given quartile 
do deviate more widely than the limits to be expected under the laws of 
pure chance. As in the case of the maize plants studied by Pearl and 
Surface (1915), the greatest positive deviations were in that quartile in 
which the sunflower plants started, and the greatest negative deviations 
were in the quartile farthest from that in which the plants started. Further- 
more, it will appear that plants starting in quartiles I and IV deviated more 
widely from their respective theoretical means than plants starting in 
quartiles II and III deviated from their means. From this it appears that 
plants which start as small, medium, or large individuals in a population, 
though they vary more or less, tend to stay in or near the class in which they 
started. 

We may next attempt to get a concrete expression of the observed 
deviations which have been discussed above in a general way. We shall 
find that the root-mean-square deviation of the observed percentage values 
(or their actual standard deviation) from the theoretical mean is an excellent 
measure of their tendency to deviate from the theoretical results of simple 
sampling, and that it is a measure of those influences, other than chance, 
which determine the locus of the given group of plants in the population, 
because it shows how widely the plants starting in any given quartile 
depart from the position which would have been most probable according 
to the laws of pure chance. 

We may proceed to compare the theoretical standard deviation of the 
mean with the observed deviations of the percentage from these theoretical 
mean percentages. This is conveniently done by obtaining the actual 
standard deviation from the theoretical mean for the plants, starting in the 
various quartiles. The deviations of the several percentages from their 
theoretical mean percentages are obtained and each is squared, then the 
actual standard deviation equals 42;d2/n. The values are shown in the 
last column of table 7. 

Inspection of the results shows at once that the actual standard devia- 
tions are considerably greater than the theoretical. This can only indicate 
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that there is some agency operating to cause variability in height in excess 
of that to be expected upon the basis of pure chance. Moreover, regarding 
the higher values obtained for the plants in quartiles I and IV, we must 
conclude that these agencies are more influential on the plants varying most 
greatly from the mean height of the population on the 14th day. It will 
be seen that the actual standard deviation is an extremely useful constant, 
since it measures the influence of those factors (aside from pure chance) 
which determnine the relative height of the plants during their grand period 
of growth. 

Before discussing the growth characters further, it will be well to examine 
their behavior when studied from the point of view of the growth rate of 
plants ending in the several quartiles. 

THE QUARTILE DEVIATIONS OF PLANTS ENDING IN A GIVEN QUARTILE 

The population was divided into four groups according to their heights 
at the end of the growing season. On the 84th day I5 plants were in quar- 
tiles I and III, and I4 plants in quartiles II and IV respectively. The 
quartile positions of these plants were then determined on each of the days 
of observation. 

Tables 8, 9, IO, and I I show the number of plants in the several quartiles 
at each measurement and the mean quartile positions. The plants which 
ended in any given quartile were distributed through all the quartiles on 
the I4th day, yet even then the tendency to be grouped in or near the quar- 
tile in which they ended was manifest. It will be noted that on the I4th 
day the mean quartile position for the plants ending in the several quartiles 
was nearly the same and that it was near the mean quartile position (2.5) 
of the population as a whole. By the 42nd day the plants ending in quar- 
tiles I and IV had come within less than a quartile of reaching their final 
position, while those ending in quartiles II and III were very close to their 
final position. In each case the percentage of observations falling in the 
particular quartile in which the plants ended was somewhat higher than 
similar values for plants starting in the several quartiles as given in tables 
4 to 7, inclusive. From this it appears that the final quartile position of 
the plants was a better means of judging their average position during the 
grand period of growth than the initial position. The opposite relation in 
the case of maize plants was found by Pearl and Surface (I9I5). It may be 
remarked in passing that the plants ending in a given quartile showed 
little change in the mean quartile positions after the 42d day. 

Turning now to table I2, where the data are more compactly assembled, 
it will be noted that much the same tendency to deviate is shown by these 
figures as by those in table 7. The observations show that the plants were 
more frequently in the quartiles in which they finished than in any other. 

On the basis of pure chance the observations should fall between I5 
and 35 percent approximately, yet only 6 out of i6 observations obey this 
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law. This tendency was especially pronounced in the case of plants which 
ended in quartiles I and IV, in other words, in the extreme classes. This 
tendency naturally became more pronounced as growth progressed, so 
there were no changes in the quartile positions of the plants in the last part 
of the season. This seems to indicate that the plants, as a rule, had a 
uniform rate of growth, and that the plants which were small at the end of 
the season were in that class because they had an inherent tendency to 
smallness all through the season. Conversely, the plants in the highest 
group were not there because they were mediocre plants which grew longer 
than the rest, but because they were superior all through the season. 

Of the 150 observations made on th;e plants ending in the first quartile, 
67 percent were in that quartile (table 8) and 58 percent of the I40 obser- 
vations made on the plants ending in the fourth quartile were in that quar- 
tile (table i i). 

As in the former comparisons, we see that plants which fell into a given 
class at the end of the season showed a tendency to group themselves in or 
near that class from the outset. Table I2, which assembles the data of the 
four preceding tables, affords a convenient means of making comparisons. 
As in table 7, the actual standard deviation shows that the height of the 
plants varied more widely than would be the case if their heights were de- 
termined by pure chance. These relations make it quite evident that the 
height of any given group of these plants is not determined by such casual 
factors as variations in soil, water, light, and other external factors, since 
they would produce a more nearly random quartile distribution. It seems, 
on the contrary, that the quartile distributions of the measurements of a 
plant are determined by internal, inherited factors which operate so strongly 
and characteristically that they outweigh the influence of casual factors 
and assert their dominant influence in the behavior of the sunflower. In 
short, there appears to be some agency at work on the plants which pro- 
duces deviations from their theoretical means greater than those which are 
to be expected upon the basis of pure chance, and this influence appears to 
be most effective on the plants in the extreme classes. The attempt will 
be made, in a subsequent paragraph, to elucidate somewhat the nature of 
this influence which manifests itself in the quartile positions of these groups 
of the population. 

It may be of interest, especially for those not familiar with the use of 
the above described methods, to examine the actual figures. It might be 
thought that the classes are too broad to reveal actual differences, or that 
rapid growth in the first part of the season would sew a plant so far ahead of 
others that it would stand in an upper quartile, though making smaller 
growth subsequently. I have thought it worth while, therefore, to present 
in table I3 the successive increases in mean height of the plants ending in 
the various quartiles. Inspection of the table shows that after the 14th 
day the relative rates of growth are consistently larger in the higher quar- 
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tiles. In other words, the plants which were largest at maturity were 
superior all through the season. 

CHANGES IN THE QUARTILE POSITIONS OF THE PLANTS DURING THE 
GRAND PERIOD OF GROWTH 

Reference has previously been made to certain tendencies of the plants 
in the different quartiles either to alter or to maintain their relative positions 
during growth. Figures 2 and 3 show graphically the changes in relative 
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FIG. 2. Curves showing changes in mean quartile positions of plants starting in the 
several quartiles. 
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position at successive measurements, for the plants starting, and for those 
ending, in the various quartiles. 

It will be evident, in spite of the changes, that plants tend to stay in or 
near the quartile in which they start, especially after the middle of the 
grand period of growth. 
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GROWTH RATES AND VARIATIONS OF INDIVIDUAL PLANTS 

The investigation of the characteristics of these plants was carried 
farther by extending it to the individuals instead of studying them in 
groups. The mean quartile position and its standard deviation for each 
plant in the population have been determined as a basis for this study. 
Just as in the case of the larger groups, the mean quartile position of a plant 
gives a measure of its relative size during the entire growth period A plant 
which is constitutionally inferior will have a mean quartile position near I, 
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FIG. 3. Curves showing the changes in mean quartile positions for plants finishing in 
the several quartiles. 
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and those which have the opposite tendency will have a mean quartile 
position near IV, but by the method of grouping none will be below I and 
none above IV. 

These values have been determined and are presented in classified form 
in table 13, where they can be studied more easily than if given for each 
plant in serial order. The class range has been taken at 0.75 quartile. 
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The number of plants in the several classes is 12, 15, 17, and 14, and indi- 
cates a fairly good random distribution with a tendency to grouping in the 
middle classes. The average quartile position of each class is not far from 
the different mid-class values, a fact which may be taken as further evidence 
of random distribution. 

The facts concerning these plants will be brought out by consideration 
of the means and standard deviations of the positions. Taking the four 
average means at the bottom of table I4 and considering the number of 
plants as frequencies for these values, we find that their mean is 2.552 i 
.IOI, and their standard deviation in class units is .8005 i .0743. Since a 
class unit is .75 of a quartile the standard deviation in quartiles is found by 
multiplying this by .75, viz., .6004 ? .0557. 

The standard deviation in class units deserves further consideration. 
It measures the variation which the class units would have if, without 
reference to grouping, they were arranged in serial order, i. e., as I, 2, 3, 4. 
A simple algebraic calculation will show that the standard deviation of the 
first n numbers is 

<2- I 

= I2 

In this case, n = 4, therefore, r = I.I2. Now it was found above that the 
actual standard deviation was .8005 =1 .0743. This is somewhat below 
the theoretical standard deviation, even with the addition of three times its 
probable error. This relation may be taken to indicate that the variates 
under discussion (the mean quartile positions) are fairly evenly distributed 
in the several classes, but that they scatter less widely from the middle 
classes than would be expected upon the basis of pure chance. 

It now becomes possible to point out a fact of fundamental physiological 
importance, derived from these mathematical relations. Since the means 
of the quartile positions are so nearly distributed by the law of probability, 
it seems logical to conclude that the causes of this condition are also dis- 
tributed by the laws of chance. For example, in table I4, the first average, 
I.333, owes its position to the same cause which determined the position 
of any other average. In other words, the smaller relative size of these 
plants is an expression of the same definite cause as the relatively larger size 
of any of the other groups in this population. 

Perhaps it is well to call attention here to the fact that the discussion 
in the above paragraph relates strictly to the mean quartile distributions 
(average relative size) of the plants and not to the quartile distribution of 
the measurements of a plant through the grand period of growth. The 
latter values are clearly not determined by chance, since under that con- 
dition their standard deviation would be .I988 instead of .8005.3 

It will be profitable to see if we can discuss the probable nature of the 
I For the means of arriving at this value, the reader is referred to Pearl and Surface 

(I9I5), pp. 15I-I53. Mention should be made that these writers have laid all subsequent 
students of this subject under obligation for their illuminating discussions. 



264 H. S. REED 

causes which determine the relative sizes of the plants without pushing the 
mathematical analysis too far. Pearl and Surface (I9I5) found evidence 
that the height of the maize plants they studied was governed by Men- 
delian factors. We may with propriety inquire whether the relationships 
of the relative heights of the sunflowers give similar evidence. 

If we assume that there is one pair of allelomorphic characters for 
height, we should have in the F2 generation, four classes, AA, Aa, aA, 
and aa, each of equal frequency. In such a case, the distribution of the 
relative heights of the plants should be nearly regular. Also, since the 
plants in the end classes bearing the factors AA and aa are homozygous for 
the theoretical height-factor, they should be less variable than the hetero- 
zygous plants in the intermediate classes. We may examine the data to 
see if either of these assumptions can be supported. 

It was pointed out above that the mean quartile distributions are fairly 
evenly distributed in the several classes, though there is a slight tendency 
for them to be grouped in the middle classes. A smoother distribution 
might have been obtained by study of a larger population. 

As a measure of the relative variability of the mean quartile positions 
we may refer to the standard deviations obtained in table I4. The values 
for the first and fourth classes are .502 and .505 respectively, while those 
of the intermediate classes are .793 and .786. Certainly there is a signifi- 
cance about these results which seems to warrant the assumption that the 
plants in the extreme classes are less variable about their mean relative 
height than those in the intermediate classes. 

Objection may be raised to this assumption, since the sunflowers were 
not known to be the F2 progeny of a pair of individuals, and to the assump- 
tion of a definite ratio. In the work frequently quoted in this article, 
Pearl and Surface (I9I5) have shown, however, that this is just what might 
be expected in any population in which independent Mendelian factors are 
distributed at random, since in such a population, where open fertilization 
occurs, the individuals will have the same factor constitution as individuals 
in the segregating generation. If we assume the presence of two factors 
for height, we should expect such a result as that obtained. There may be 
more than two factors for height, but the assumption of a larger number 
need not invalidate the argument. 

Attention may be called to a conclusion drawn from a study of the 
growth constants of these plants (Reed and Holland, I9I9), wherein it was 
pointed out that the growth constants of plants ending in the several quar- 
tiles were practically identical. Differences in the mean relative heights 
are evidently determined by some internal factor other than differences in 
the growth constants. 

SUMMARY 

i. The growth and variability of a small group of sunflower plants, 
grown under tolerably uniform field conditions, was measured by taking 
weekly records of the height of each plant during the grand period of growth. 
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2. An analysis of the growth and relative superiority of the plants has 
been made to determine (a) whether the inferior plants grew slowly during 
the entire season, or whether they grew rapidly during their early history 
and came sooner to maturity; and (b) whether variability in size of indi- 
viduals, or of groups, was due to mere chance of environment or to some 
inherited factor. 

3. The quartile class was adopted as a basis for classifying the population 
into groups. The number of plants in each quartile was fixed at the outset 
and adhered to through the entire study. 

4. Plants which started in a given quartile showed a well marked 
tendency to remain in that quartile during the entire grand period of growth. 
Plan,ts which were small at maturity were generally small from the beginning, 
those which were large at maturity had a well-marked superiority from the 
start. 

5. The actual standard deviations of the observed percentage values 
of the quartile positions of plants departed so widely and consistently from 
the theoretical standard deviations of the mean percentages that it seems 
quite certain that there was some agency operating to cause variability in 
height in excess of that to be expected upon the basis of pure chance. The 
assumption is made that the relative size of plants is dependent upon internal 
genetic factors, rather than upon external casual factors. 

6. The mean quartile position of each plant was taken as a measure 
of its relative size during the grand period of growth. The frequency of 
the mean quartile positions indicated a good random distribution, though 
there was a slight tendency toward grouping in the mid-classes. It seems 
probable, therefore, that the smaller relative size of the plants in the lower 
classes is an expression of the same definite factor as the relatively larger 
size of any of the other groups in this population. 

7. There was evidence that height was determined by factors which 
were distributed at random through the population. It was found that 
the distribution of the relative heights of the plants was nearly equal. 
Further support for the assumption was found in the fact that plants in the 
extreme classes were less variable in regard to their mean relative height 
than plants in the intermediate classes. 

8. The growth constants of plants ending in the several quartiles were 
practically identical. 
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TABLE I. Heights of individual plants at successive intervals 

Days 

Plant 7 14 21 28 135 42 | 49 56 1 63 70 77 84 

Centimeters 

I I7 33 63 io6 I48 I67 I77 I77 I77 I77 I77 I77 
2 i6 29 56 87 II9 I57 200 2I2 226 226. 262 226 
3 I9 38 69 0OO I30 I72 2I8 257 277 279 279 279 
4 I9 36 65 IOI I39 I85 230 23I 239 244 244 244 
5 2I 4I 76 II7 I65 224 28I 3I2 322 325 325 325 
6 i8 38 77 II5 I62 206 236 236 24I 24I 24I 24I 
7 I9 34 55 74 I05 I49 203 229 232 234 234 234 
8 2I 43 74 io8 I49 202 258 268 273 273 273 273 
9 I9 40 73 I02 I32 i66 208 254 292 298 30I 30I 

IO i8 39 73 I09 I43 i8i 225 27I 302 303 303 303 
II 20 37 6i 88 III I4I I78 2I3 250 264 270 272 
I2 22 45 84 II9 I49 i85 23I 252 264 264 264 264 
I3 2I 4I 8o I22 I53 I9I 235 28I 3I6 332 332 332 
I4 I9 46 79 III I37 I69 I98 220 227 228 228 228 
I5 i8 35 7I I02 I29 i6o I90 228 257 26I 264 264 
i6 2I 44 84 I22 I56 I86 228 275 29I 294 300 300 
I7 i8 34 67 I02 I3I I68 206 245 250 265 268 268 
i8 17 33 63 97 I32 I82 232 253 266 270 272 272 
I9 i6 35 67 99 I28 I58 I82 2IO 237 245 249 249 
20 I8 38 74 I05 I3I I54 I70 202 2I4 2I7 222 226 
2I I9 42 75 IOI II8 140 I62 I98 230 24I 24I 24I 
22 I8 38 66 84 III I2I I52 I87 209 2II 2I3 2I3 
23 I9 40 75 I05 I39 i8o 227 264 273 277 277 277 
24 I9 40 75 I07 I37 I75 2I5 265 3IO 323 332 339 
25 i8 35 67 93 I22 I63 I92 I86 I92 I92 I92 I92 
26 I7 34 67 99 I35 i85 243 297 3II 3I5 3I7 3I7 
27 I9 45 89 I45 I97 220 22I 22I 22I 22I 22I 22I 
28 i6 30 57 85 I24 I75 227 269 305 3I3 3I3 3I3 
29 i8 33 57 82 I2I I76 233 249 256 256 256 256 
30 i8 37 72 IOO I42 I97 254 280 28I 28I 28I 28I 
3I I7 36 73 I05 I43 I94 247 294 326 330 330 330 
32 I5 24 49 74 III i6o 208 247 27I 280 280 280 
33 I9 42 79 ii6 I55 203 244 2I7 28I 28I 28I 28I 
34 i6 35 70 95 I25 I67 I94 2I4 237 243 246 254 
35 i8 36 63 78 II5 I57 I90 2I3 233 238 238 238 
37 i8 39 65 89 II7 I55 I87 2I4 240 248 250 252 
38 I7 37 6i 72 93 III I3I I50 I7I I89 I89 I90 
39 2I 43 76 95 I2I 151 170 I83 I94 I98 200 200 
4I I9 4I 73 I02 I37 I78 206 2I8 223 224 224 224 
42 i8 33 59 79 io6 I29 I49 I66 I75 I75 I75 I75 
43 I9 28 54 84 io8 I32 I53 I83 200 2II 2I4 2I4 
44 I7 36 66 I09 I52 I9I 2I2 2I2 2I2 2I2 2I2 2I2 
45 I7 35 66 95 I20 I53 i8i I97 203 208 208 208 
46 i8 36 65 86 IIO I33 I58 I88 2I2 2I9 225 227 
47 i8 38 66 86 IO9 I37 I66 I82 I87 I87 I87 I87 
48 I5 3I 58 8o III I55 200 2I8 224 224 224 224 
49 I7 38 75 I09 I44 I9I 236 250 254 254 254 254 
50 I5 30 68 I04 I42 I98 252 293 3I8 320 320 320 
5I I6 32 6o 88 I26 I82 233 260 291 293 293 293 
52 I7 3I 62 I03 I55 I96 203 203 203 203 203 203 
53 1I7 34 6o 84 II9 I63 2I4 252 264 266 266 266 
54 |6 36 7I I04 I44 I98 250 288 303 3IO 3IO 3IO 
55 |6 39 75 96 I24 I65 204 23I 264 278 282 283 
56 |6 30 62 84 I03 I2I I52 I79 200 209 2I2 2I2 

57 I9 38 70 I05 I44 I58 I64 I64 I64 I64 I64 I64 
58 |6 23 38 57 88 I25 I57 I85 I99 202 202 202 
59 I7 36 70 IOO I3I I69 2I2 247 278 283 286 286 
6o 18 37 70 99 I34 I78 228 123I 278 284 295 295 
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TABLE 2. Constants for growth and variation in height of flelianthus plants 

Days Mean Height, GCn. Hnceaght CfMea Standard Deviation Coefficient of Variability 

7 17.93 -4 0.i4 7.93 -4 0.I4 i1.62 4? 1.01 9.03 ?0.57 
14 36.36 -4 0.43 i8.43 ?0.44 4.83 ?E 0.30 I3.28 o .86 
21 67.76 -?~ 0.78 31.40 o .89 8.93 4? 0.56 13.17 ?4 0.84 
28 98.i0 -4 I.38 30.34 -? 1.59 i5.6o 4? 1.98 15.90 ?-L 1.02 
35 131.00 -4 1.73 32.90 4- 2.21 19.52 4- 1.22 14.90 ?4 0.95 
42 169.50 -4 2.21I 38.50 -4 2.81i 25.00 :1: 1.57 14.75 ?4 0.94 
49 205.50 -4 2.92 36.00o 3.67 33.00 ?4 2.07 i6.o6 ?+ 1.03 
56 228.30 -+ 3.40 22.80o 4.49 38.47 -4 2.41 i6.84 ?4 1.08 
63 247.10 ?4 3.80 i 8.8o ?4-5.1i1 42.92 ?4 2.69 17.38 4 I.12 
70 250.50?--3.76 3.40?--5.35 42.48?=E2.66 i6.95?1.,l 09 
77 253.80 ?4 3.99 3.30 ?4 5.48 45.06 4- 2.82 I7.75 ?1 I-.13 
84 -254.50 A= 3.89 1 0.70 ?E 5.57 43.90 ?f 2.75 I7.25 ?J 1.11 

TABLE 3. Quartile distribntion on each successive day of measurement of plants starting in the first 
qnartile 

Days 

at ~~~~~~~~~~~~~~~~~~~~~~Percent of 
Quartile 21 2 35 42 49 56 63 70 77 14 Total Grand Total 

...... 12 9 71 6 5 15 6 6 6 6 68 45.33 
I...... 2 3 4 3 5 4 3 3 2 2 31I 20.67 
III . ~~ ~~I 2 2 4 2 3 3 3 4 4 28 1 8.67 

IV .0.... I 2 2 3 3 3 3 3 3 23 153 

Mean quartile Grand total 150 

position ....1.266f i.666 I.933 12.I33 2.200 2.266 2.200 2.20012.266 2.266 

U..... I5~ .944 i.o64 ii.o891.301.125 1I0II01i80 i.i8o 

TABLE, 4. Quartile distribution on each successive day of measurement of plants starting in the 
second quartile 

Days 

______ _____ ___ _ _ _ _ __ ___ - _ _ _ _ _ - ___ __ - _ _ _ _ _ _____ _____ -_ _ _ _ - _ _ _ _ - P ercen t o f 
Quartile 2 28 35 42 49 56 63 70 77 84 Total Grand 

Total 

......... I 3 2 2 2 3 4 3 3 3 26 
1 
8.57 ......... 8 6 6 7 5 5 314 4 4 52 37.14 III. . . .. .... 5 4 4 2 4 1 3 4 3 3 3 ~~35 25.00 

IV ......... o 1 2 3 3 14 3 4 4 27 I9.29 

Grand total 140 
Mean quartile 

position. 2.285 12.214 2.428 2.428 2.571 2.428 2.428 2.571 2.57I 2.57I 

.......590 .86i .905 98 .811.051 1.II7 I-117 I1.17 I-1117 __ ___ 
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TABLE 5. Quartile distribution on eachz successive day of measurement of plants starting in the third 
quartile 

Days 

Quartile 20 28 35 42 49 6 63 70 77 84 Total Grandl Tota 

. 2 3 4 5 6 5 4 5 4 4 42 28.00 
II . ~~ ~~4 4 4 3 2 2 4 3 5 5 36 24.00 

I...... 6 5 4 4 4 6 5 5 4 4 47 31.33 
IV.--------- 3 3 3 3 3 2 2 2 2 2 25 i6.67 

Mean quartileGrntoa 
5 

position. . 2.666 2.533 2.400 2.333 2.266 2.333 2.333 2.266 2.66 2.266 

ar.......1.945 I.024 11.426 13.36 i.383 11.076 I.012 I.11 .949 .949 

TABLE 6. Quartile distribution on each successive day of measurement of Plants starting in the 
fourth quartile 

Days 

35 42 49 1 Total i ~~~~~~~~~~Percent of 
Quartile no 28 1 42 9 6 63 70 77 84 ToalGrand Total 

I.0.... 0 I3 
1 

2 .I I_ I I II 7.86 
I.0.... I I I I 3 4 4 4 4 23 36.43 
III . ~~ ~~3 4 5 5 7 2 3 4. 4 4 41 29.29 

IV .. 3.9 7 6 14 7 6 5 .5 . 65 46.43 

M ean q uartile ._______ ________ _______ ________- _______ __________ 

position. 3.785 3.571 3.285 3-07I 2.928 3.000 3.000 2.928 2.928 2.928 

...... .4241.625 .884 I3.034 . 9631 I.I38 3.000 .963 .963 .963 

TABLE 7. Number and percentage of the measurements falling in the several quartiles for plants 
starting in a given quartile 

Quartile Positions Observed During Growth of Plants 
Quartile in Theoretical Observed 

which Plants I 13 III IV Total Standard Standard 
Started - ____ _______-___- Deviations Deviationn 

N O. Percent No. Percent No. Percent No. Percent 

I 68 45.33 33 20.67 I2.8 3 8.67 2.3 15.33 350 3.53 33I.92 
II 26 i38,57 52 37.34 35 25.00 27 39.29 340 3.64 7.52 

I . 42 28.00 36 24-00 47 33.33 25 i6.67 350 3.59 4.94 
IV II 7.86 23 i6.43 43 29.29 65 46.43 340 3.63 14.60 

Total .... 347 342 353 340 _ _- 580 

Mean 
percent.. - 24.94 -24.56 26.07 24.43 ____ ____ ____ 
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TABLE 8. Quartile distribution on each successive day of measurement of plants ending in the first 
quartile 

Quartile 2I 28 42 
~~~~~~~~~~~~~~~Total Percent of 

Quartile 14 21 28 35 42 49 56 63 70 77 No. Grancd Total 

I -. 6 6 7 7 9 I I 12 I4 I4 I5 IOI 67.33 
II. . 3 6 3 3 3 2 3 I I 0 25 I6.67 

III. . 4 I 2 0 0 2 0 0 0O 9 6.oo 
IV . . 2 2 3 5 3 0 0 0 0] 0 I5 10.00 

Mlean quartile 
position. 2.I33 I*933 2.o66 2.200 I.8oo I-400 I.200 i.o66 i.o66 I.ooo 

a .I.o88 .998 I.I82 I.327 I.I67 .7I2 .400 .253 .253 0.000 

Girand total ... 150 

TABLE 9. Quartile distribution on each successive day of measurement of plants ending in second quartile 

Total Percent of 
Quartile 14 21 28 35 42 49 56 63 70 77 No. Grand Total 

I......... 2 2 3 6 5 3 3 1 I 0 26 I8.57 
IJ . 4 5 4 3 4 8 8 I2 I2 I4 74 52.86 

III . 5 3 4 3 3 I 3 I I 0 24 I7.I4 
IV. 3 4 3 2 2 2 0 0 0 0 i6 I I.43 

Mean quLartile 
position.. 2.642 2.642 2.500 2.07I 2.I42 2.I42 2.000 2.000 2.000 2.000 

a .974 I.045 I.500 I.I00 I.06I .9I7 .654 .377 3.77 0.000 

Grand Total ... I40 

TABLE IO. Quartile distribution on each successive day of measurement of plants ending in the third 
quartile 

Total Preto 
Quartile I4 2I 28 35 42 49 56 63 70 77o 

I.. .... 4 5 4 2 I I 0 0 0 0 17 I I .33 
II......... 3 2 3 6 6 4 3 I I 0 29 I9.33 
III. 4 4 5 4 5 5 8 I2 I4 15 76 5G.67 
IV. 4 4 3 3 3 5 4 2 0 0 28 1 8.67 

Mean quartile 
position. 2.533 2.466 2.466 2.533 2.666 2.933 3.o66 3.o66 2.933 3.000 

a .. . 148 .205 I.089 .958 .871 .933 .683 .I4I .025 0.000 

Grand total 0... I5 
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TABLE II. Quartile distributiont on each succeysive day of mteasurementt of plants ending in the foutrth 
quartile 

Total Percent of 
Quartile 14 21 a8 35 42 49 56 63 70 77 No. Grand T'otal 

..... 3 2 I 0 0 0 0 0 0 0 6 4.29 
II . ~~ ~~4 I 4 2 I 0 0 0 0 0 12 8.57 
III .... ~2 7 4 8 7 7 4 2 0 0 41 29.29 

IV .. ... 5 4 5 4 6 7 I0 12 14 14 8i 57.86 

Meatn quartile 
position.. 2.642 2.928 2.928 3.142 3.357 3.500 3.714 3.857 4.000 4.000 

...... ..I137 .965 .965 .643 .6ii . 500 .455 .353 0.000 0.000 

Grand Total... ___ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1I40 _ _ _ 

TABLE I12. Number and percentage of the measurements falling in the several quartiles for plants 
ending in a given quartile 

Quartile in ~ Quartile Positionn Observed Durting Gross th of Plants 
TertclOsre 

which Plants I IIIII IV Total Standard Standard 
Ended-- - Deviations Devtattoos 

NO. Percent No. Percent No. Percent No. Percent 

I . 10 67.33 25 I16.67 9 6.co I15 10.00 150 3.55 25.67 
II 26 18.57 74 52.86 24 17.14 I 6 I11.43 1 40 3.63 16.40 
III . 7 11I.33 29 I19.33 76 50.67 2 8 1 8.67 150 3.58 14.36 

IV.. 6 4.29 12 8.57 41 29.29 8i 57.86 I40 3.64 20.74 

Total__-. 150 I40 150 I40 ___- 58o 

Mean 
percent. __ _ 22.88 _ __ 24.36 __ _ 25.78 24.49_ _ _ _ _ _ _ _ 

TABLE I3. Successive increases in mean height of plants ending in various quarlties. (Height in 
centie,- eters) 

Increase in mean height of plants since the preceding measurement 

Quartile in which Days 
Plants Ended. I6 I7 14 05 2X 8 35 42 491 56 63 70 77 84 

I........7.8 I7.1 29.4 28.8 32.0 26.6 20.3 1I3.4 8.4 3.5 o.6 0.1 
II ........7.8 I9.7 3I.I 27.5 3I.0 37.0 32.5 20.6 14.4 4.1 I 1.5 I. I 

III ........8.2 i8.0 3I.3 29.8 33.4 43.4 45.7 28.3 15.4 4.6 3.8 0.2 
IV ........7.9 I9.0 34.3 33.2 36.0 45.5 48.7 39.5 29.0 5.7 2.4 0.5 
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